The study was carried out to investigate the influence of sous vide treatment (80°C/15 min) 
INTRODUCTION
Pulses or grain legumes are dicotyledonous seeds of plants belonging to the Leguminosae family, harvested for the dry grain and mainly cultivated for human consumption (Hoover et al., 2010) . Pulses are the edible seeds of certain leguminous plants including various beans, peas, and lentils. Pulses are rich sources of plant-based protein and essential amino acids, dietary fibre, and carbohydrates with relevant amounts of vitamins and minerals (Chung and Liu, 2012) . They have a high protein content (20-50%) in comparison to other crops and therefore are consumed in many parts of the world (Singh et al., 2004) . They are an important constituent of the human diet worldwide, especially in the countries where alternative sources of protein are limited. Pulse products have the opportunity to increase pulse consumption by excluding time-consuming preparation (Kouris-Blazos and Belski, 2016) , however, without additional treatment shelf-life of innovative pulse spreads is up to five days .
Thermal and non-thermal processing technologies are suitable for processing of most food products. High pressure processing is a novel non-thermal processing technology that has been available for more than 100 years (Rivalain et al., 2010) and during the last decades commercially adopted to process a wide variety of foods (Georget et al., 2015) . Sous vide treatment is a fairly recent thermal processing method, which is characterised as pasteurisation of vacuum packed product in flexible packaging using precisely controlled heating (Baldwin, 2012; Espinosa et al., 2015) . The method has gained worldwide recognition in catering establishments (Díaz et al., 2011) . Both technologies offer opportunities for increased shelf-life and preservativefree stabilisation of animal and plant based products without a significant influence on nutritional components of foodstuff and sensory parameters (Baldwin, 2012; Georget et al., 2015) .
The aim of this study was to determine the influence of sous vide treatment (80°C/15 min) and high pressure processing (700 MPa/10 min/20°C) on nutritional characteristics of cowpea (Vigna unguiculata (L.) Walp. cv. Fradel) and maple pea (Pisum sativum var. arvense L. cv. Bruno) spreads after processing and 62-day storage at 5 ± 1°C temperature, to evaluate overall acceptance of pulse spreads after 22-day storage at 5 ± 1°C temperature, and to analyse nutrient coverage of pulse spreads compared to reference intake (RI) for adolescents and adults. Seasoning was added to the pulse paste; oil was added at the end of mixing in the food processor . Four different pulse spreads were made: cowpea spread, cowpea spread with seasoning, maple pea spread, and maple pea spread with seasoning. Spreads without seasoning consisted of 93.5% cooked pulses, 5.9% canola oil, 0.4% salt and 0.2% citric acid. Spreads with seasoning consisted of 92.5% cooked pulses, 5.9% canola oil, 0.4% salt, 0.2% citric acid, and 1% bruschetta seasoning.
MATERIALS AND METHODS

Experimental
Each sample was packaged in two different flexible packaging films -transparent polyamide / polyethylene (PA/PE) film pouches (film thickness 60 ± 3 µm, PTC Ltd.) and lightproof polyethylene terephthalate / aluminium / polyamide / polypropylene (PET/ALU/PA/PP) film pouches (film thickness 80 ± 3 µm, Nordvak Ltd., Latvia), pouch dimensions 45 × 170 mm; m spread = 50 ± 1 g. Pulse spread pouches were hermetically sealed under vacuum (20 mbar, sealing time 1.9 s for PA/PE and 3.4 s for PET/ALU/PA/PP) using a chamber type vacuum packaging machine (C300, Multivac Ltd., UK) and subjected to additional treatment.
Sous vide processing. Sous vide treatment of pulse spreads was carried out in a water bath Clifton Food Range (Nickel-Electro Ltd., UK). Samples were pasteurised for 15 min at 80.0 ± 0.5°C temperature (the core temperature 76.0 ± 1.0°C). After pasteurisation, the packages were immediately chilled to sample temperature 5.0 ± 1.0°C in +2 ± 1°C cold ice-water .
High pressure processing. High pressure processing of pulse spreads was carried out using an Iso-Lab High Pressure Pilot Food Processor S-FL-100-250-09-W (Stansted Fluid Power Ltd., Essex, UK) in a 2.0 L pressure vessel. An isopropanol: water mix (1 : 2) was used as the pressure transmitting liquid . Pouches of pulse spreads were placed in a pressure vessel and treated at 700 MPa with 10 min dwell time. Pascalisation was carried out at room temperature, however, due to pressure increase in the vessel, it reached 40-42°C during pressurisation. (Anonymous, 2003) according to the formula:
where (Anonymous, 2011) .
Nutritional evaluation of pulse spreads in comparison to nutrient recommendations. The calculation of the optimal nutrient amount (recommended daily intake of nutrients expressed as reference intake (RI)) for adolescents and adults ( Evaluation of overall acceptance. Sensory analysis of high pressure processed pulse spreads was carried out using a 5-point hedonic scale during the international Baltic food industry fair "Riga Food 2016" (90 consumer panellists; 60% women and 40% men, average age 32 years). Consumer respondents were from all regions of Latvia: Kurzeme (19%), Zemgale (26%), Vidzeme (20%), Latgale (10%), and Rîga (25%). Consumers were also asked to describe likes and dislikes about pulse spreads and the likelihood to purchase these products at a grocery store and consume them on a daily basis. Collated scores were compared to the data from a previous study on overall acceptance of pulse spreads after sous vide treatment (Kirse et al., 2016) .
Software And Data Processing. Data processing was carried out using mathematical and statistical methods with statistical software R 3.0.2; differences were considered significant at p £ 0.05, unless stated otherwise. Differences among nutritional value of different pulse spreads were analysed using One-way analysis of variance and the Tukey's test.
RESULTS
In order to calculate nutritional value of pulse spreads, such parameters as moisture, protein, lipids, ash and dietary fibre were determined in all spread samples on day 0 (Table 2) and on day 62 (Table 3 ). The result of the proximate chemical composition of pulse spreads indicated that the spreads contained 67.31 ± 0.40% moisture, 7.31 ± 0.14 g protein, 6.08 ± 0.02 g lipids, 1.04 ± 0.02 g ash, and 12.87 ± 1.47 g dietary fibre per 100 g. The influence of sous vide treatment and high pressure processing on moisture, protein, lipid, ash, and dietary fibre concentration of all investigated pulse spreads was not significant after processing (p > 0.1), comparing untreated pulse spreads to processed samples ( Table  2 ). The chosen packaging materials did not have an influence on these parameters as well (p > 0.1). The effect of processing technologies and packaging materials on chemical parameters of pulse spreads was insignificant after 62-day storage (p > 0.1) (Table 3) . Therefore, nutritional value of pulse spreads was calculated based on nutrient values of untreated samples ( for fat of total energy intake is higher for adolescents. The coverage of nutrients by one serving (50 g) of pulse spreads was analysed in comparison to reference intake values of nutrients for adolescents and adults (Table 5 ).
The results showed that a serving of pulse spreads (50 g) covered 3.7-4.6% protein for adolescents and 4.9-5.6% protein for adults (Fig. 1) . A serving of pulse spreads covered 2.7-3.4% fat for adolescents and 4.1-4.9% fat for adults, while carbohydrate coverage was 0.7-0.9% for adolescents and adults. The coverage of energy of a serving of pulse spreads was 2.2-3.3% for adolescents and adults. An adequate intake of dietary fibre is 14 g per 1000 kcal for children and adults (Dahl and Stewart, 2015) . The content of dietary fibre in pulse spreads is high (Table 4) , therefore the coverage of dietary fibre (Fig. 2) is also higher compared to other nutrients. A serving (50 g) of cowpea spreads covered 13.7-17.1% dietary fibre for adolescents and 17.1-20.5% dietary fibre for adults, while a serving of maple pea spreads covered 16.9-21.1% and 21.1-25.4% dietary fibre for adolescents and adults, respectively.
With regard to hedonic evaluation of processed pulse spreads (Table 6 ), the results showed that overall preference of high pressure processed cowpea spread was between 'not sure' to 'like a little ' (3.8) preference of high pressure processed pulse spreads made from maple peas was between 'like a little' to 'like very much' (4.5-4.7), without significant differences between both spreads (p > 0.05). The main positive aspects of pulse spreads reported by consumer respondents were: aroma (n = 34), pleasantly mild taste (n = 58), plant based product (n = 60), vegan product (n = 56), consistency and mouthfeel (n = 49), whereas some respondents wanted a more noticeable taste of seasoning (n = 16). The likelihood to purchase these products at a grocery store was affirmed by the majority of the respondents (78%); the rest of the respondents were indecisive. The majority of the consumers (83%) also confirmed they would like to consume the new products on a daily basis.
DISCUSSION
Pulses are nutrient-rich food and are valued all over the world for their protein concentration and low glycaemic index. Protein concentration in legume grains ranges from 17% to 40% (Costa de Almeida et al., 2006) , whereas carbohydrates constitute the major fraction of pulse seeds within the range of 24-68% (Piecyk et al., 2012) . From the nutrition point of view, only thermally processed pulses are important since pulses are never eaten raw (Wang et al. 2008) ; therefore, the concentration of protein and carbohydrates of pulses is proportionally lower (on fresh weight). The values of protein, ash and dietary fibre concentration, established in the current study, are comparable to the literature data (McCrory et al., 2010; Kirse and Karklina, 2013) where grain legumes and spreads from pulses are indicated as good sources of nutrients. A previous study on white bean (Phaseolus vulgaris L.) spreads showed that protein content was not dependent on seasonings used and was not significantly different between cowpea and maple pea spreads. Based on the findings that sous vide treatment and high pressure processing did not influence nutritional composition after processing and 62-day storage, it is possible to conclude that the chosen thermal treatment and high pressure processing regimes are suitable to maintain consistent product (chemical composition) quality after additional processing and storage.
The values of nutrients of pulse spreads (Table 4) allows to apply nutritional claims defined in Regulation (EC) No. 1924 /2006 (Anonymous, 2006 . The Regulation indicates the possibility to define a product as a 'source of protein' if it provides at least 12% of the energy value by protein, and as a 'high protein' if the product provides at least 20% of the energy value by protein. The protein content of all four pulse spreads accomplished the requirements for a nutritional 'high protein', as 21.7-22.9% of the energy value of pulse spreads was provided by protein.
The same regulation allows labelling of all developed pulse spreads as 'high fibre' if they contain ³6.0 g of fibre per 100 g. When pulse spreads are compared to other similar products on the market (Kirse and Karklina, 2014b) , such as 'Hum-Hum' Hummus (Zila Laguna, Latvia) and 'WD fit' soy spread (W-D, Poland), the new spreads are also eligible for an 'energy-reduced' claim, which describes food with energy value reduced by at least 30% with an indication of the characteristic(s) that make(s) the food reduced in its total energy value. Both spreads on the market contain a fair amount of lipids (22 to 29 g per 100 g) (Kirse and Karklina, 478 Proc. Latvian Acad. Sci., Section B, Vol. 71 (2017), No. 6. The results of nutrient coverage (%) by one serving (50 g) of pulse spreads (Figs. 1, 2) were different among age and gender groups, as recommended energy and nutrient intake (Table 1) varies between adolescents and adults. Adolescence is a nutritionally vulnerable developmental stage because growth rate accelerates (Gidding et al., 2005) . Higher caloric requirements are needed for adolescent males since they experience greater increases in height, weight, and lean body mass compared to adolescent females (Stang and Story, 2005) . The lowest coverage of all nutrients was found for adolescent males, because the requirements for all investigated nutrients in this group were the highest; whereas the highest coverage of all nutrients was found for adult females. The coverage of carbohydrates available for human digestion was below 1%, indicating that all pulse spreads are low in available carbohydrates. Pulses spreads are a good source of dietary fibre for all investigated age and gender groups (Fig. 2) , especially for female adults, as one serving of maple pea spreads covers ¼ of their dietary fibre daily needs.
Overall acceptance and sensory parameters of products are closely related to product demand; therefore, consumer acceptance research is particularly important in the new product development process. The results of hedonic evaluation of pulse spreads showed that overall acceptance of the new products was not affected by additional processing compared to fresh samples. A previous study also established that spreads made from maple peas are preferred over cowpea spreads, especially cowpea spread without seasoning. The results suggest that high pressure processing does not influence the overall acceptance of pulse products compared to untreated samples and sous vide pulse spreads. Previous studies (Kirse and Karklina, 2014a; Kirse et al., 2016) on the acceptance of new pulse spreads showed that the majority of the consumer respondents would buy spreads made from white beans, cowpeas and maple peas as soon as these products were available at a grocery store and would consume these spreads on a daily basis.
